Introduction
With the growing realization that coastal and ocean resources are not inexhaustible, the international community has launched, since the 1970s, hundreds of efforts in more than 140 countries to safeguard depleted fish stocks, reverse the degradation of coastal areas and ocean ecosystems, and resolve user-conflict issues (Sorensen, 2002) .
It is increasingly recognized that attempting to manage issues or activities in isolation from each other does not produce the desired results (Guénette and Alder, 2007) . The decadal assessment provided by the UN Joint Group of Experts on the Scientific Aspects of Marine Environmental Protection (GESAMP) states that "there is a dawning realization that neither individual problems, nor the crisis of the seas as a whole, can be dealt with in isolation. They are intricately interlinked both with themselves and with social and economic development on land. Policy decisions, research, and managing programmes are all shifting their focus accordingly" (GESAMP, 2001) .
The concept of ecosystem-based management (EBM) has evolved in response to these needs. It is an integrated approach to management that considers the entire ecosystem, including humans (POC, 2003; USCOP, 2004; McLeod et al., 2005) . Humans are intricately linked to the environment through ecosystem services. Human activities affect almost every aspect of coastal and marine ecosystems, and threaten the continued production of valued services (UNEP, 2006) . EBM takes into consideration the effects of human activities in the context of natural variability and change, and also considers how changes in environmental conditions will affect human society, economies, and culture (Leslie and McLeod, 2007) .
Managing and mitigating the effects of human activities in an ecosystem context has emerged as a unifying theme for environmental protection, mitigation of natural hazards, resource management, land-use planning, and ocean zoning (Cicin-Sain and Knecht, 1998; NRC, 1999; Sherman and Duda, 1999; IOC/ GOOS, 2003 . This is particularly significant in coastal systems where the combined effects of habitat alteration, landbased pollution, overfishing, harmful algal blooms, and climate change are more severe (IOC/GOOS, 2005 ).
An evolving strategy for integrated management
Analysis of recent research literature indicates two main emerging themes that provide essential tools for environmental management. First, it is clear that effective and efficient environmental management must embrace an integrated ecosystem perspective that includes humans and moves beyond traditional sector-based management (Frankic, 2005; Bowen et al., 2007) .
Second, it is critical to have successful integrated environmental management that stems from stakeholder participation. A bottom -up management approach is needed, based on stakeholder participation throughout the process, from formulation of the goals to the decision-making process and implementation (Bowen and Crumbley, 1999) . Effective management must embrace more consistently a user-driven, stakeholder-engaged approach to policy development, selection, and evaluation.
These two themes have contributed to a move within the international community towards a holistic framework that links ecological and socio-economic issues across the land-sea interface. To succeed, such a framework must be able to distinguish among the relative source contributions of environmental change and to associate social costs and benefits influenced by environmental conditions (Frankic and Hershner, 2003; Bowen et al., 2007) .
The driver-pressure-state-impact-response (DPSIR) framework for integrated coastal management proposed by, among others, the European Environment Agency (European Commission, 2002 ) offers a potential solution to the problem of integration and has acquired broad and general support (Turner et al., 2000; Belfiore et al., 2003 Belfiore et al., , 2006 Bowen and Riley, 2003; IOC/GOOS, 2005 ; Figure 1 ). The DPSIR framework achieves this by relating large-scale human drivers of change (e.g. increase in population density and changes in land-use patterns in coastal watersheds); pressures, such as extraction of living resources and nutrient loading in coastal marine ecosystems; changes in the state of coastal ecosystems, including deterioration of water quality; impacts on ecosystems and on surrounding human communities (e.g. damage to supporting habitats, loss of commercial fishing value, public health costs); and institutional responses such as fishery management or sewage treatment.
Embracing this framework ensures that managers and decisionmakers will consider not only the state of the environment but also the sources of ecosystem change as well as the socio-economic costs of environmental degradation and the social benefits that emerge from the improvement of environmental conditions (IOC/GOOS, 2005) . However, the core of these needs can only be met if the effectiveness of environmental management decisions is based on data and information that can be measured and efficiently reported (Pomeroy et al., 2004) . A set of indicators can be used as a cost-effective tool to understand the impacts of human activities on ecosystem health.
A user-driven procedure was developed by the Coastal Panel of the Global Ocean Observation System (Belfiore et al., 2003 (Belfiore et al., , 2006 IOC/GOOS, 2003 to identify key environmental and socioeconomic indicators of coastal change to evaluate management success. This included the formulation of a set of discrete management goals (contributing to an integrated overall management plan) and a list of related environmental, socio-economic, and governance indicators. Ecological and socio-economic dynamics can be assessed within the DPSIR framework through data input to a set of indicators.
The general literature on indicators distinguishes two classes of evaluation for management purposes. † Process-orientated evaluation uses performance indicators to analyse progress in management. Process/governance indicators can therefore be said to assess governance generally, as well as the development and evaluation of specific policy programmes. † Outcome-orientated evaluation uses outcome indicators to assess whether the goals of the management plan are associated with associated changes in social and environmental conditions.
In this paper, we propose the development and refinement of a goal-driven, outcome-orientated evaluation protocol, based on the DPSIR framework to integrate environmental and socioeconomic indicators derived through stakeholder participation and contributing to the evaluation of management effectiveness. This protocol can be utilized by managers and decision-makers to better ensure that management is progressing towards an ecosystem-based sustainability. Our objective is to demonstrate how integrated socio-economic goals and indicators can contribute to the management of marine protected areas (MPAs). The application of this protocol is demonstrated through a case study, an MPA in the Maltese Islands (central Mediterranean; Figure 2 ).
The evaluation protocol
The protocol identifies the socio-economic indicators that measure the success of MPA management in attaining goals that are important to the maximum number of stakeholder groups. The overall strategy involves: † Establishing goals and objectives defined in a way that links socio-economic and environmental sustainability characterized at a level of detail that permits empirical evaluation of success; † Identifying socio-economic outcome indicators that can assess success in achieving these integrated goals; these socioeconomic indicators must represent measures of overall social structure, the social pressures influencing environmental change, and the social impacts (costs and benefits) associated with ecosystem change; † Ranking indicators according to their usefulness to a greater number of goals; this is an important selection criterion when Figure 2 . Map of the MPA (Rdum Majjiesa marine protected area) on the island of Malta used in the case study (Source: Grech, 2003) .
Identifying key stakeholder-influenced indicators of coastal change considering the complexity of issues faced by managers as well as the scarcity of resources; † Determining the most effective and efficient way of acquiring data; this requires understanding the usefulness and practicality of indicators (i.e. the variety of data sources, measurement techniques, and surrogate measures).
The methodology of the protocol involves six steps to measure management effectiveness of MPAs.
Step 1: Determine stakeholder groups with significant management interest.
Step 2: Articulate management goals for the MPA management programme.
Step 3: Select socio-economic indicators associated with management goals.
Step 4: Rank and weight policy goals.
Step 5: Assess the importance of indicators in evaluating the success of an MPA.
Step 6: Rank socio-economic indicators that contribute the most significant management value.
Stakeholder involvement is important to the success of environmental management (IOC/GOOS, 2005; Belfiore et al., 2006) . As the ultimate beneficiaries of management decisions, stakeholders, by stating their preferences, should exert a strong influence on coastal policy. Once they realize the measure of their influence on policy decisions, they are more likely to cooperate and so minimize the need for enforcement measures. Within the context of this protocol, the term stakeholder is defined as a person or group who holds a vested interest in or is influenced by relevant policy decisions.
The protocol evolved from the approach described in the Coastal GOOS Implementation Strategy (IOC/GOOS, 2005), but it diverged in one important way. The Coastal GOOS exercise assumed the ranking of direct stakeholder preferences for individual goals. However, there is a viable and essential alternative to that approach. Often, efforts to determine the relative importance of indicators are initiated after the creation of a management plan. Because that situation is so common in today's management environment, the authors felt the need to develop an alternative approach when stakeholder participation throughout the process is not possible. Although direct stakeholder involvement remains a preferred approach, the need for an alternative is clear. Here, we describe that alternative as indirect stakeholder participation. These alternative approaches are defined below as Method A and Method B.
Method A: indirect stakeholder participation
This method infers stakeholder preference for management goals through input during public hearings and comment periods. Policy-makers and experts then analyse the data and information, and attempt to tease out a weighting of the management goals, based on inferred stakeholder input. Using Method A, information gathered during public hearings was used in a qualitative content analysis to extrapolate stakeholder preferences of the management goals and to generate a weighting for each goal. The stakeholder groups were those that dominated attendance hearings and/or participated in the public comment period. The preference assessment for each group was combined into an overall stakeholder preference weight. These results represent the best expert judgement of the relative stakeholder contribution of each policy goal to the management plan and are characterized here as percentage contribution. In other words, the resulting numbers represent the inferred preferences of the stakeholder community, as determined by the plan's drafters using indirect stakeholder participation.
Method B: direct stakeholder participation
In this method, stakeholders participate in the management programme from its inception and the setting of goals and objectives to the final decision-making and MPA establishment and implementation. This provides a more direct engagement of the various members of the stakeholder community before the design of the management plan. In this approach, the protocol draws from an existing catalogue of stakeholder categories (IOC/GOOS, 2003) to identify stakeholders with a clear and direct interest in management. Within the context of the group exercise, stakeholder representatives are asked to assess the importance of individual policy goals in meeting their interests. Specifically, they are asked, "What is the importance of this goal in meeting your interests?".
In management programmes involving full stakeholder participation, the question above can be asked directly of stakeholders and the results used to generate a weighting for each goal. This exercise is at the core of Method B. A relevance value is attributed to each goal by each stakeholder group:
The results are contained within a matrix with stakeholders on one axis and goals listed on the other. Individual cells of the matrix describe the relevance of each stakeholder group to each policy goal.
The case study-Rdum Majjiesa (northwest Malta, central Mediterranean)
In the Malta MPA case study, Method A was used for our analysis. Decisions for the management policies and strategic actions applied were conducted by policy-makers. During the preliminary studies, a limited number of stakeholders were invited to attend meetings, where the project proposal and outcomes were presented and their feedback requested. In 2003, a draft management plan was drawn up, and a public hearing was organized, during which various stakeholder representatives, including the public, voiced their ideas and concerns, which were recorded by the lead government agency.
On 18 . It is located on the northwest coast of the largest island, Malta, and covers approximately 885 ha over a 7.5 km length of coast (Planes et al., 2006) .
The area is a popular visitor destination during spring, summer, and autumn. The importance of the marine resources in the area as well as the loss of terrestrial habitats prompted detailed preliminary studies to formulate a management plan.
One study, funded by the UNEP Regional Seas Programme (Mediterranean Action Plan Regional Activity Center for Specially Protected Areas, Tunisia), was conducted between 2000 and 2002. It involved an ecological survey of the benthic and shore habitats of the area. This study served as one of the capstone projects that led to the drafting of a management plan as part of a Regional Project for the Development of Coastal Protected Areas in the Mediterranean Region (MedMPA) funded by UNEP Regional Seas.
The coastal geomorphology in the MPA includes sand dune systems, steep coralline limestone cliffs, boulder escarpments (Maltese: rdum), and clay slopes characterized by rupestral communities. For more than a decade, these features have been protected by local legislation as Areas of Scientific/Ecological Importance, although the seaward part, though not yet managed, is now protected as an SAC.
The marine environment is dominated by seagrass meadows, mainly Posidonia oceanica (Neptune grass), an important habitat that serves as a nursery and feeding ground for many fish species. A number of rocky reefs or shoals and submerged boulder fields create unique microhabitats for many species of flora and fauna (Pirotta and Schembri, 2000; Grech, 2003; Schembri et al., 2004) . Several species found in the area are listed as threatened or endangered under the Berne Convention and EU Habitats Directive. It is therefore important that their habitats also be given proper protection and conservation measures (Pirotta and Schembri, 2000; Grech, 2003; Schembri et al., 2004) .
Potential threats to the environment in the area are mainly the result of recreational and commercial activities that were not sufficiently controlled or effectively managed for many years. This has caused conflicts among users, such as providers of tourist amenities, boaters, divers, bathers, and fishers. Most of the area's income comes from artisanal and small-scale commercial fishing. Recreational facilities, including a large hotel, restaurants, and other eateries, are another source of income. Other threats include damage to terrestrial vegetation by uncontrolled trampling of sand dunes and clay slopes, resulting in the loss of sediment by erosion. Destruction of seagrass meadows by anchors and fishing gear, with consequent loss of the species they support, is another important issue (Grech, 2003) . Pollution from a sewage outfall north of the study area has affected the coastal and marine habitats negatively, as well as public health and consequently the economy in the area (Axiak, 2000) . Currently, a plant is being constructed to treat sewage diverted to the area. Tanker traffic and bunkering activities to the north of the MPA also pose a risk to vulnerable ecosystems from accidental and operational spills of hydrocarbons (Grech, 2003) .
Results
The protocol was applied in six steps to the case study (the Malta MPA), using Method A (indirect stakeholder input).
Step 1: determine stakeholder groups with significant management interest
In the protocol, stakeholder groups were divided into four categories, (i) government, (ii) community and NGOs, (iii) commercial, and (iv) scientific research and education. The stakeholder groups represented a wide range of vested interests and resource use in the area, to ensure that goals of environmental, social, cultural, and economic importance are included. The stakeholders that were involved in the public hearing belonged to 17 user groups, under the four categories (Table 1) .
Step 2: articulate management goals for the MPA management programme
Goal selection and articulation is basic to the successful management of an MPA. Goals and objectives should be measurable, userdriven, and designed to address the need for improvement in the quality of coastal and marine environments and ecosystem services (GESAMP, 1996; Bowen and Crumbley, 1999; IOC/GOOS, 2005; Belfiore et al., 2006) .
Ten goals were selected from 15 socio-economic goals identified in the Coastal GOOS strategy for an Integrated Coastal Management programme (IOC/GOOS, 2003) . These goals were developed to reflect the synergies between socio-economic and environmental dynamics in the Malta MPA, grouped under four 
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User conflicts main areas of interest, according to the management needs of the study site (Table 2) . Each goal was selected according to its policy relevance, its role in the DPSIR framework, and its costs and benefits, and was elaborated to reflect the needs of the MPA (Table 3) .
Step 3: select socio-economic indicators associated with management goals
Indicators need to be informative and useful to managers to act as an early warning system of change and allow managers to respond quickly to changes in the state of the environment and resulting socio-economic impacts. Outcome indicators play an important role. They need to be able to measure change in a way that will indicate the effectiveness of the MPA management programme. A set of 32 socio-economic indicators was selected, based on a set of criteria including the applicability to a goal or goals, cost of measurement, ease of measurement, availability of data, and replicability (Table 4) . These indicators were related to the goals identified in Step 2, and selected for their usefulness in generating data to address issues pertaining to the case study. Such issues include protection and diversity of habitats and the control and management of recreational and commercial activities to minimize user conflict and avoid overexploitation of coastal resources.
Step 4: rank and weight policy goals This step involves the ranking of goals according to user preference and hence is more useful to the manager in generating data that relate to both socio-economic and environmental issues.
Based on Method A (indirect stakeholder participation), information gathered during the public hearing process was used in a qualitative-content analysis to extrapolate stakeholder preferences of the management goals and to generate a weighting for each goal (Table 5 ). The stakeholder groups dominated attendance hearings and/or participated in the public comment period. They were composed of commercial and recreational fishers, divers, owners of recreational establishments, non-governmental organizations, educators, scientists, representatives of relevant government agencies, local government representatives, and the general public.
The preference assessment for each group was combined into an overall stakeholder preference weight based on their oral and written input during the public hearing and comment period, respectively. The results represent the best expert judgment of the relative contribution of stakeholders of each policy goal to the management plan, and are characterized here as percentage contribution. In other words, the resulting numbers represent the inferred preferences of the stakeholder community, as determined by the plan's drafters, who have considerable expertise and intimate knowledge of the communities in the area and of their socio-economic situation perceived over the years.
Step 5: assess the importance of indicators in evaluating the success of an MPA The next step in the protocol was to determine the relevance of individual indicators to the individual integrating goals comprising the overall management plan. A group exercise was conducted to assess systematically the relevance of indicators to goals (now weighted by stakeholder ranking). The specific indicators were selected from a broader catalogue of indicators designed to ensure breadth and diversity of relevance (IOC/GOOS, 2005) . This exercise was dominated by social and natural scientific experts with direct knowledge of management goals and the case study area. This group was asked to assess relevance by answering a specific question, "How well does this indicator assess success in achieving this management goal?". In September 2007, a group of experts from the University of Massachusetts Boston, the Urban Harbors Institute, the Massachusetts Department of Environment Protection, and the Malta Environment and Planning Authority analysed the relevance of each of the 32 indicators to each of the ten goals. Experts assessed relevance using the scale described in Step 4 (0 ¼ not relevant; 1 ¼ partially relevant; 2 ¼ relevant), and a matrix was used in much the same fashion as in Step 4, with goals along one axis and indicators along the others (Figure 3) . Summation of the data resulted in the total weighting of each indicator to each goal.
Step 6: rank socio-economic indicators that contribute the most significant management value Mathematical interpolation of the data from Steps 4 and 5 resulted in the formulation of a table giving the stakeholder weighting to indicators. This was generated indirectly from the matrices "stakeholder Â goal" and "indicator Â goal" to produce a "stakeholder Â indicator" preference. The preference list is presented as a graph of socio-economic indicators, ranked by perceived stakeholder preference (Figure 4) . This final step generated a relative priority list of the indicators that are of greatest value in assessing success in achieving the management goals. The results from the interpretation of stakeholder input to selection of goals and the expert analysis of indicator-to-goal relevance were interpolated to produce a priority list of indicators. In short, the protocol concludes with a numeric ranking of indicators whose value is derived by the importance of each indicator's ability to assess success in each policy goal weighted by stakeholder preference values.
Discussion
As described in previous sections, stakeholder input in this exercise resulted from an interpretation of input by stakeholder representatives during the public hearings. The establishment of an MPA in this locality generated an interest in various sectors as users and non-users became aware of its ecological importance. Its unique characteristics draw many visitors to the area, jeopardizing the resources that make it a popular destination. Moreover, the level of user conflict is high because fishers vie with bathers for access to the limited coast. Table 5 shows the stakeholder ranking of the goals suggested for the management plan, as inferred from content analysis. The main stakeholder groups with a vested interest in the locality and in the establishment of an MPA attended the public hearing. Written comments were also sent to the government authority in Malta responsible for the development of the management plan. According to the stakeholder-group representatives, resource exploitation and user conflict issues rank highest as areas of concerns that should be addressed. These were followed by physical alterations and changes to coastal habitats. These areas were of concern to environmental non-governmental organizations, scientists, educators, and relevant government agencies, because the protection of biodiversity is a major concern among these groups. However, other stakeholder groups such as fishers, owners of recreational establishments, and tourism authorities were also concerned about the consequences of habitat destruction through construction of ramps and quays.
In contrast, the results in Table 5 indicate that stakeholder communities tend to give more importance to goals that directly address changes in the state of the environment and impacts on surrounding communities, and less to goals that aim to address the source of the problem, such as Coastal Population Dynamics and Changes in Land-Use/Land-Cover Patterns. Marine-based Public Health Risks are ranked lower not because they are held as being less important, but because despite the proximity of the sewage outfall, the incidence of high faecal coliforms and E. coli in the water, resulting in beach closings, is low (Department of Public Health Annual Reports, 2000 Reports, -2006 . Also, construction of a treatment plant was finished recently, and the wastewater is treated before discharge or reuse.
The data in the goal-indicator matrix (Figure 3 ) support the assertion that indicators provide variable benefits, depending on the goals they are selected to support. One important factor to note is that all indicators selected were relevant to more than one goal. Different parts of the management plan require different types of indicator input (drivers, pressures, impacts) , and how the management plan is defined will affect which indicator is measured.
The versatility of the goal-indicator matrix also means that it can be revisited as understanding of the protocol increases and as the state of the environment changes. This makes this protocol and the resulting goal-indicator matrix adaptable to different situations and therefore more useful to managers as a rapid-assessment transparent tool for environmental management. Identifying key stakeholder-influenced indicators of coastal change 
Identifying key stakeholder-influenced indicators of coastal change
The goal-indicator matrix was developed by experts on the premise that their knowledge and expertise are necessary for selecting a suite of indicators according to a set of selection criteria. Depending on the availability of resources, indicators that provide data for more than one goal are relatively simple to measure; indicators about which data may already exist are preferred as long as the data are scientifically reliable.
Socio-economic indicators such as number of beach visitors, percentage of annual tourists visiting the locality, number of divers, changes in land-use/land-cover patterns, and number of recreational vessels would be very good measures of change of the socio-economic dynamics of the locality and would be useful to the success of the MPA management plan. On the other hand, indicators such as the number of shipping vessels, incidence of marine-vectored disease, and percentage of population supplied with potable water are less important to the goals of the management plan, because they are less prevalent in the area or not perceived as a problem directly linked to the establishment of the MPA.
Selecting the most relevant indicators is important to managers because it helps them use resources to obtain data that will yield scientifically relevant and measurable data to attain the goals of the MPA management plan. These indicators could serve as an early warning system that indicates whether or not the measures taken as part of the management plan to attain goals to safeguard the environment and enhance human well-being are successful.
The final step of this protocol is a ranking of the indicators. The indicator priority list has two advantages. First, it serves as a rapid-assessment decision tool for MPA managers. This ensures that the issues of greatest concern to the greatest number of users will be given due attention for the benefit of the ecosystem's health and resources, as well as for the socio-economic good of the surrounding communities. Second, it produces a snapshot of the situation under study and points out the relative importance of the issues and circumstances that need to be addressed as part of the MPA management effort.
Stemming from the flexibility of the goal-indicator matrix, the indicator priority list is adaptable and therefore can be applied to different environmental management situations. As can be seen in Figure 4 , there is a subtle shift from left to right of driver and pressure indicators to impact indicators.
One possible argument is that stakeholders are becoming increasingly aware that environmental problems have a source (driver, pressure) and a consequence (change in state of the environment and impact on biodiversity and humans), and there is an innate understanding that managing human activities has a higher priority. The lower ranking of indicators measuring impacts on biodiversity does not mean that they are less important per se but that, under the prevailing circumstances, managing the driving issues that surround the case study will ultimately help minimize deleterious effects on the environment and enhance the economy of the area.
It is also important to note that the stakeholder preferences in this case were the result of analysis by experts of their comments and inputs during public hearings. And, although we feel that this is a potentially important addition to the indicator ranking protocol literature, interpretation of comments by experts and policy-makers may not reflect an accurate opinion or view of stakeholder groups. Policy-makers inevitably have to consider the agenda of their governance institution, which can bias their interpretation. It will be interesting, therefore, to compare the results that would be generated when Method B (direct stakeholder participation) is applied, particularly because this is one of the main concepts underlying EBM.
The Malta MPA is situated in a relatively rural area but is visited by a large number of people all year round. This is mirrored in the indicator-ranking chart (Figure 4) , where the pressure indicators attendance at recreational beaches and number of divers per year are given high priority, although the driver indicator resident population is given a much lower ranking.
The fact that this area is characterized by important use and non-use value features makes it more vulnerable to damage by drivers and pressures (visitor population, public access, pollution, land-use and land-cover changes); this is demonstrated by the relative importance of driver and pressure indicators in measuring change towards attaining the management goals of the MPA.
This protocol emphasizes the importance of stakeholder participation in the success of MPA management and demonstrates that it is possible to provide an open and transparent process to rank indicators. This transparency allows a stakeholder community the opportunity to discuss and debate and for results to be clearly detailed. We argue that, when stakeholders are included in a transparent management process from the very start, they will be more willing to participate in management decisions and enforcement actions, and work towards improving the environment. As part of the decision-making committees, stakeholders will also be able to contribute unique knowledge that will benefit the management of the MPA, whose ultimate aim is to have a better natural environment at the least social, economic, and cultural costs to the surrounding communities.
Conclusions
This innovative protocol provides the opportunity for stakeholder participation in environmental management, permitting consideration of human activities and socio-economic implications, which is the underlying concept of EBM. The next step is to apply this protocol using Method B, to understand how direct stakeholder participation vs. indirect will compare in the resulting management success of an MPA. This will serve to bring various stakeholder groups closer to each other as well as to the managing institution, allowing closer coordination to reach a consensus for successful implementation and management and eventual success in reaching the goals.
